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NASA TT F-11,329 

FORMATION OF DUST PARTICLES I N  A COMET ATMOSPHERE 
AS A RESULT OF GAS CONDENSATION 

A. Z. Dolginov 

ABSTRACT. Consideration of gas condensation near a comet 
nucleus as a source of the formation of the entire dus t  compo- 
nent of t h e  comet coma. It i s  maintained t h a t  a v a i l a b l e  obser- 
v a t i o n a l  da t a  do not discount t he  p o s s i b i l i t y  of t h i s  o r i g i n  of 
comet dust. 
t h e  process. 

are formed from the  primary molecules of a comet nucleus (CH4, 

A theory is  proposed t o  expla in  the m e c h a n i s m  of 
It holds that secondary gas molecules (C2, CN, e t c )  

e t c )  and t h a t  the concentration and t h e  number of c o l l i s i o n s  NH3y 
of these secondary molecules a re  s u f f i c i e n t  f o r  the formation of 
s t a b l e  n u c l e i  of a s o l i d  phase. 

1. Formulation of t h e  Problem /434* ' 

The occurrence of gas and dus t  i n  the  atmosphere of a comet is usua l ly  ex- 

i c e s  which vigorously evaporate a t  comparatively low temperatures ( fo r  example, 
CH4, NH3, e t c )  and high-melting inclusions i n  the form of dus t  particles.  During 

t h e  ice evaporation, t h e  dus t  p a r t i c l e s  a r e  ca r r i ed  away by gas cur ren ts .  

I plained by the  f a c t  t h a t  i t s  nucleus represents  a conglomeration of d i f f e r e n t  
I 

W e  shall show t h a t  e x i s t i n g  da ta  on t h e  na tu re  of comets do not  con t r ad ic t  
another poss ib l e  explanation f o r  t h e  coma dus t  component -- namely, the poss ib l e  
formation of dus t  p a r t i c l e s  when gases condense near t h e  nucleus. 

However, the l i f e - t i m e  of t hese  gases i s  s m a l l .  
l i n e s  of the coma belong t o  secondary modules (C2, CN, e t c ) ,  which cannot be 

d i r e c t l y  evaporated from the  nucleus sur face  under t h e  inf luence  of s o l a r  radia- 
t i on .  
mary p a r t i c l e s  under t h e  inf luence  of electromagnetic and corpuscular r a d i a t i o n  
of t h e  sun, and chemical reac t ions .  Secondary gases may be  formed as supersat-  
u ra ted  gases,  and may b e  condensed under s u i t a b l e  conditions. Carbon is  one of 
these  gases;  i t  may possibly be  responsible f o r  t he  formation of dus t  p a r t i c l e s .  

Naturally,  
m - e a e  ..Ai wlIIALll  are evaporated frz, the riiielecia a ~ r f a e z  earxiot be condensed again. 

The majority of observed s p e c t r a l  

The formation of secondary p a r t i c l e s  is caused by d i s soc ia t ion  of p r i -  

W e  s h a l l  show t h e  following: a )  i f  substances containing carbon -- f o r  ex- 
ample, hydrocarbons -- are evaporated from t h e  sur face  of a comet nucleus, they 
d i s s o c i a t e  o r  e n t e r  i n t o  chemical reac t ions ,  wi th  the  formation of a carbon 
supersa tura ted  vapor; b) t h e  degree of supersa tura t ion  and t h e  number of c o l l i -  
s i o n s  between t h e  molecules are s u f f i c i e n t  f o r  forming s t a b l e  nuc le i  of a s o l i d  
phase; c )  p a r t i c l e  concentration c lose  t o  t h e  nucleus i s  s u f f i c i e n t  t o  increase  
t h e  s i z e  of the dus t  p a r t i c l e s  up toc10-5 - 10-4 cm, and even up t o  10-3 - 10-2 
cm when t h e r e  i s  a s m a l l  concentration of them; d) not only carbon, bu t  a l s o  

* '  Note: Numbers i n  the margin ind ica t e  pagina t ion  i n  t h e  o r i g i n a l  fore ign  t e x t .  
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I other  substances with a high hea t  of evaporation may b e  included i n  the compo- 
s i t i o n  of dust  p a r t i c l e s ;  e )  s i n c e  chemical r eac t ions  and d i s soc ia t ion  processes 
may be sharply acce lera ted  under the influence of hard electromagnetic o r  cor- 
puscular s o l a r  r ad ia t ion ,  t he  formation of dus t ,  and the  increase  i n  the  coma 
br ightness  which is connected w i t h  i t ,  must be co r re l a t ed  with s o l a r  a c t i v i t y .  

2. Gas Concentration Close t o  t h e  Nucleus /435 

Before inves t iga t ing  t h e  formation of dus t ,  let  us determine t h e  gas den- 
s i t y .  
dens i ty  and chemical composition of the coma, s ince  no t  a l l  of i t s  molecules 
have l i n e s  i n  the v i s i b l e  s p e c t r a l  region. Therefore, w e  must r e s o r t  t o  an in- 
d i r e c t  method. We may determine the dust m a s s  from the i n t e n s i t y  of t he  contin- 
uous spectrum. A l l  of t h e  hypotheses regarding t h e  na tu re  of comets s t i p u l a t e  
t h a t  the gas mass i n  the  atmosphere of the comet exceeds the  dus t  mass. A study 
of t h e  dus t  dens i ty  i n  t h e  ta i ls  of t h e  comets Arend-Roland andMarkos led  L i l l e r  
(Ref. 1 )  t o  t h e  conclusion t h a t  t h e  nucleus lo ses  8*107 - lo9 g /sec  of substance 
on t h e  average a t  a d i s t ance  of P- 1 A U  from t h e  sun. Assuming t h a t  t h e  mean 
molecular weight of t he  evaporated m o l e c u l e s ~ 2 0 ,  we ob ta in  an evaporation 
i n t e n s i t y  of 4-1030 - 1031 p a r t i c l e / s e c * s t e r .  
obtained this estimate f o r  Q,  based on the experimental da t a  f o r  t he  i n t e n s i t y  
of t h e  forbidden green l i n e  of oxygen i n  t h e  spec t r a  of comet heads. 
(Ref. 3) i nves t iga t ed  t h e  evaporation of an ice nucleus, wi th  allowance f o r  t h e  
o p t i c a l  thickness of t h e  coma, t he  albedo of the nucleus, i t s  thermal r ad ia t ion ,  
etc,  under d i f f e r e n t  assumptions regarding t h e  i c e  composition (C2H2, CH4, C 0 2 ,  

e t c ) .  H e  compared t h e  computational r e s u l t s  wi th  observations of t h e  br ightness  
of twenty d i f f e r e n t  comets., It w a s  found t h a t  f o r  almost a l l  of them the  quan- 
t i t y  Q/R 
For R = 108 cm, t h i s  corresponds t o  Q = 1030 molecule/sec'ster. 
e n t i m n t i o n g  ~ = T J P _  le.1 tc sme yalue cf Q. Since the ~ i i i ~ ~ ~ r  of collfsfons is 
q u i t e  l a r g e  c lose  t o  t h e  nucleus, t h e  p a r t i c l e  d i s t r i b u t i o n  i s  c lose  t o  a Max- 
w e l l  d i s t r i b u t i o n ,  and the  k i n e t i c  equation determining t h e  p a r t i c l e  concentra- 
t i o n  may be  w r i t t e n  i n  t h e  following form 

Direct study of comet spec t r a  does not  y i e l d  complete information on t h e  

Biermann and T r e f f t z  (Ref. 2) 

HUbner 

8 = 10 molecule/cmL*sec*ster, where R i s  t h e  rad ius  of t h e  comet nucleus. 
Thus, d i f f e r e n t  

i.e., without a c o l l i s i o n  term. 
s u r f a c e  r = R. 

r 
6 (r - R) and 6 (n - nv) a re6- func t ions .  

d i s t ance  t o  t h e  nucleus center.  

The p a r t i c l e s  are evaporated from the  nucleus 
It i s  assumed t h a t  t h e i r  ve loc i ty  v = vnv is d i rec tgd  along 

Therefore, t h e  source is  chosen i n  t h e  form QIS (r - R) 6 (n - n ) where rn. 
V 

T i s  t h e  p a r t i c l e  l i f e t i m e ;  r -- 

-.-r 
Lr t h e  nucleus su r face  is the  source of the p a r t i c l e s ,  then the  so lu t ion  

of equation (1) may be represented i n  the  following form with good accuracy 

The evaporation of v o l a t i l e  ice at a d i s t ance  of 1 A U  from t h e  sun occurs 

Assuming t h a t  r << VT, R = 10 km and 
vigorously at  a comparatively 
of the primary molecules < 5-104 &/sec. 

low temperature c 20O0K, i .e.,  t h e  ve loc i ty  
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s u b s t i t u t i n g  t h e  assumed estimates f o r  v and f o r  Q i n t o  (2), we ob ta in  N 
11 -3 up t o  t h e  d is tances  50 km and N-10 cm t o  150 km. 

3. Formation of Secondary Molecules 

The composition of gases, whose spec t r a  have been observed i n  t h e  atmos- 

This is apparent f o r  i ons  and such high-melting sub- 

pheres of comets, c2, CN, c3, OH, CH, N H ~ ,  co+, CH?, N ~ + ,  OH+, co2+, po in t s  t o  

t h e i r  secondary or ig in .  
s tances  as carbon, and is  very probable f o r  t h e  f r e e  r a d i c a l s  CN, OH, e t c .  It 
is usua l ly  assumed t h a t  a l l  of these  gases are formed during the decomposition 
of primary molecules CH 4 ,  C2H2, C2N2, H20, C02, NH3, etc. under the inf luence  

of photon and corpuscular r a d i a t i o n  of the sun. The assumption that these  mole- 
cu les  are parent molecules i s  based on t h e i r  g r e a t  abundance and simple chemical 
s t r u c t u r e .  For those molecule concentrations which occur c l o s e  t o  t h e  nucleus 

t h e  mean f r e e  path is lo2  - l o 3  cm i n  a l l ,  i.e., t h e  num- 
be r  of c o l l i s i o n s  is s u f f i c i e n t  f o r  chemical r eac t ions  t o  take place. 
hea t ing  which i s  necessary f o r  an exothermal r eac t ion  t o  begin may be caused by 
many f a c t o r s ;  t h e  p a r t i c l e s  of corpuscular streams, e l e c t r i c  discharge, t he  
c o l l i s i o n  of nuclear fragments, etc. The r eac t ions  lead  t o  hea t ing  of t h e  gas, 1436 
and a l s o  t o  i n t e n s i f i c a t i o n  of t he  evaporation, i f  they emcompass the nucleus 
sur face .  abservations of dus t  halos,  which expand a t  a rate of & IO5 cm/sec, 
a l s o  provide d i r e c t  proof of t h e  high temperature c lose  t o  the nucleus. 
t h e  v e l o c i t y  of gas molecules must be grea te r  than the ve loc i ty  of t h e  dus t  
particles,  t he  gas temperature must exceed 1000'K. However, t h e  temperature of 
t h e  nucleus sur face  cannot b e  g rea t e r  than t h a t  a t  which vigorous evaporation 
is i n i t i a t e d  (/.-lo0 - 200°K, i .e. v -5 * lo4  cm/sec) . The high degree of ioniza- 
t i o n  i n  t h e  v i c i n i t y  of t h e  nucleus, which i s  observed f o r  many comets, a l s o  
po in t s  t o  the high e f f e c t i v e  temperature i n  t h i s  region. 

- 10l2  
Local 

Since 

Keeping i n  mind t h e  inves t iga t ion  of gas condensation i n  a dus t  p a r t i c l e ,  
l e t  us f i r s t  of a l l  t u rn  t o  r eac t ions  which lead t o  t h e  formation of vapors 
which are sa tu ra t ed  a t  t h e  r eac t ion  temperature -- f o r  example, carbon vapors. 
W e  shall assume t h a t  one o f thep r imary  par t ic les  is C2H2. 

s i t i o n  r e a c t i o n  C H -f 2C + H2 4- 54 kcal  i s  grea t lyexothermic .  Liquid and 

s o l i d  ace ty lene  explode i n  the  case of detonation o r  when an electric spark is  
passed. It i s  poss ib le  t h a t  acetylene i c e  occurs i n  the  nucleus composition. It is 
a l s o  p o s s i b l e  t h a t  ace ty lene  is formed when the  nucleus su r face  l aye r  is  heated, 
as a r e s u l t  of a c e r t a i n  reaction--for example, CaC2 + 2H20 -f C2H2 + Ca(OH)2 + 
+ 32 kcal. The decomposition of ethylene C2H4 3 2C + 2H2 + 10 k c a l  takes p lace  

s i m i l a r l y  t o  acetylene decomposition. For T >r 1000°K, many hydrocarbons undergo 
thermai decomposition (pyrolysis)  -- f o r  exampie, cB4 -f C t 2E wemay poin t  t o  

an entire series of r eac t ions  leading t o  the formation of carbon under conditions 
which are similar t o  conditions c lose  t o  t h e  nucleus. 
have information on primary substances, and a l l  information on s p e c i f i c  r eac t ions  
is only i l l u s t r a t i v e  i n  nature.  Although t h e  f a c t  t h a t  t h e  v i s u a l  br ightness  of 
many comets is  determined by the Swanbands, which belong t o  t h e  C2 molecule, 

c l e a r l y  p o i n t s  t o  t h e  most l i k e l y  formation of carbon, w e  cannot unequivocally 

The acetylene decompo- 

2 2  

-- 
2' 

Unfortunately, w e  do not  
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i n d i c a t e  the mechanism by which it i s  formed. Therefore, the basic hypothesis 
which is  necessary f o r  t h e  f u r t h e r  discussion would be  the assumption that: car- 
bon, o r  any o ther  gas l i b e r a t e d  i n  l a r g e  amounts i n  t h e  form of supersa tura ted  
vapor, is formed i n  the  d i r e c t  v i c i n i t y  of t h e  nucleus, where the  dens i ty  is  
s u f f i c i e n t  t o  form dus t  p a r t i c l e s .  This hypothesis does not  con t r ad ic t  any ex- 
i s t i n g  data,  it i s  corroborated by severa l  i n d i r e c t  cons idera t ions  (appropriate 
conditions c lose  t o  t h e  nucleus f o r  the r e q u i s i t e  chemical r eac t ions  t o  take 
place,  t h e  probable composition of primary malecules, etc), and leads  t o  con- 
c lus ions  which expla in  c e r t a i n  f a c t s  which cannot be  understood from the  custo- 
mary po in t  of view. 

. 

4. Formation of t he  Condensate Nuclei 

Carbon heat of sublimation q equals (7.5 - 10)*10 4 er /atom and s l i g h t l y  
depends on temperature. With a concentration of N-1.4010 H 1  cm' 3 , t h e  s a t u r a t i o n  
temperature of carbon vapor is  about 2500°K, i.e., c lose  t o  t h e  nucleus t h e  
vapor i s  g r e a t l y  oversaturated.  
necessary f o r  condensation t o  begin. Condensation occurs very r ead i ly  i n  ions 
and dus t  p a r t i c l e s .  It i s  known (Ref. 4) t h a t  any i o n  i s  a s t a b l e  nucleus, i f  
t h e  vapor temperature is  such t h a t  t h e  degree of oversa tura t ion  0 a 10 

The formation of s t a b l e  condensate n u c l e i  is 

where h' 

where T i s  t h e  vapor temperature; T -- s a t u r a t i o n  temperature a t  a given pres- 

su re ;  w -- volume of t h e  condensed phase belonging t o  one atom; k -- t h e  Boltz- 
mann cons tan t ;  e -- i on  charge; cr -- sur face  tension. Although u is  unknown 
f o r  carbon, i t  may be assumed t h a t  it does not  exceed t h e  maximum values which 
are -mown f o r  o tber  substances. iissuiiiiii- tha t  e 521.03 ei-g/m*, qys-1.04 C ' 6 l  

atom, T-250OoK, T < 1000°K, and ~ & l O - ~ 3  w e  ob ta in  0 > %, i .e.,  c lose  

t o  t h e  nucleus, any ion  is  a s t a b l e  nucleus of t h e  dus t  p a r t i c l e .  

S 

S 

When a substance evaporates from the nucleus sur face ,  e spec ia l ly  i n  the  1437 
case of vigorous chemical reac t ions ,  microscopic d rop le t s  of t he  condensed 
phase may b e  ca r r i ed  away by the  gas. 
i n  a s h o r t  period of time, nuc le i  of carbon o r  o ther  high-melting dus t  p a r t i c l e s  
are r e a d i l y  formed on their surface.  
is s u f f i c i e n t  t o  form t h e  observed amount of dus t ,  s ince  t h e  number of molecules 
is g r e a t e r  than the  number of dus t  particles by a f a c t o r  of 108 - l o l l .  

Although these  d rop le t s  are evaporated 

A comparatively s m a l l  number of n u c l e i  

5. Growth of Dust P a r t i c l e s  

Le t  us determine the s i z e  of t h e  dust p a r t i c l e s  formed, assuming that a 

I f  t h e  formation of t he  secondary p a r t i c l e s  ( i n  which w e  
condensed gas arises as a r e s u l t  of decomposition o r  chemical conversion of any 
primary molecules. 
are i n t e r e s t e d )  represents  the  bas i c  channel f o r  t h e  disappearance of primary 
p a r t i c l e s ,  employing (3) w e  ob ta in  t h e  following expression f o r  t h e  concentration 
of secondary p a r t i c l e s  

4 



The growth of t h e  dus t  p a r t i c l e s  is described by t h e  following equation 

where G i s  t h e  number of atoms i n  the  dust p a r t i c l e ,  and p i s  i ts  radius.  

W e  s h a l l  assume t h a t  t h e  coe f f i c i en t  f o r  molecules s t i c k i n g  t o  a dus t  
p a r t i c l e  B i s  c lose  t o  unity.  
(-qO/kT),which determines t h e  dus t  p a r t i c l e  evaporation rate, i s  very s m a l l  
f o r  t h e  assumed va lues  of 0 ,  q and T, and may be omitted. 

It may be r ead i ly  shown t h a t  t he  quant i tyexp-  

Taking the  f a c t  i n t o  account t h a t  d r  = vdt ,  and s u b s t i t u t i n g  ( 4 )  and ( 6 )  
i n  (5), w e  obta in  

where Ei(x) is  t h e  i n t e g r a l  exponential function. 
press ion  f o r  E i  (x) , w e  obta in  

Employing t h e  asympotic ex- 

The assumptions regarding t h e  l i f e t i m e  of primary molecules and t h e  dus t  
p a r t i c l e  dens i ty  p lay  t h e  b a s i c  r o l e  i n  f u r t h e r  determinations. 
w”-1.2*10-23 cm-3 (density of graphi te ) ,  B 
cm/sec, and ~ ~ 1 0 - 1 0 0  sec, we obtain P - ~ O - ~  - 10’ cm, which corresponds t o  t h e  
observed s i z e  of dust  p a r t i c l e s .  
g r e a t e r  l i f e t i m e  f o r  t h e  primary p a r t i c l e s  i s  permissible. 

Assuming t h a t  
0.5, 2z103°  p a r t i c l e / s e c ,  vZ105 

I f  the dus t  p a r t i c l e  dens i ty  is  smaller, a 

W e  should note  t h a t  t h e  growth of dus t  particles can occur not only due t o  
carbon atoms, bu t  a l s o  due t o  atoms o r  molecules of o ther  substances which 
are adsorbed o r  condensed i n  t h e  dus t  p a r t i c l e .  
s l i g h t l y  condensed i n  pure form i n  t h e  v i c i n i t y  of the  comet nucleus 
deposited i n  very s m a l l  dus t  p a r t i c l e s  of carbon, thus providing f o r  t h e i r  rapid 
growth. 
they can determine t h e  dus t  p a r t i c l e  composition. 

Several sii3stanzes which 2re 
can be 

I f  t h e  concentration of these  particles c lose  t o  t h e  nucleus is  l a rge ,  / 4 3 8  

It is poss ib l e  t h a t  p a r t i c l e s  of meteor s t reamsdi f fe r  from o the r  dus t  par- 
t i c l e s  i n  the  atmosphere of the  comet producing t h i s  stream only i n  terms of 
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-3 t h e i r  l a r g e  size+10-2 - 10 
s m a l l  dens i ty  of meteor p a r t i c l e s .  
r e n t  elements. 
p a r t i c l e s  may be r ead i ly  explained by the assumption of d i f f e r e n t  substances 
being deposited on the  s t a b l e  carbon nuclei .  
s m a l l ,  t h e i r  r ad ius  can r ach t h e  observed amount . For w cm-3 and T-10- 

f l e c t i o n  coe f f i c i en t  and t h e  po la r i za t ion  of l i g h t  s c a t t e r e d  by t h e  coma, w e  
must r e c a l l  t h e  poss ib le  nonuniform composition of t he  dust p a r t i c l e s .  

cm. 

A s  has already been indicated,  t h e  composite composition of dust  

Observations have pointed t o  the anomalously 
Their spec t r a  contain the lines of d i f f e -  

I f  t he  dus t  p a r t i c l e  dens i ty  i s  

* 100 sec, w e  ob ta in  p.- lo-’ - 10-3 c m  from (9).  When analyzing da ta  on the re- 

6. Corre la t ion  With Solar  Ac t iv i ty  

The amount of dust p a r t i c l e s  i n  t h e  atmosphere of a comet may increase  due 
t o  t h e  following f ac to r s :  a )  a nucleus layer is  revealed whose evaporation y i e l d s  
a l a r g e  amount of parent molecules of the condensed substances, o r  b) the inten- 
s i t y  of hard electromagnetic o r  corpuscular r a d i a t i o n  of t he  sun is increased, 
which l eads  t o  an increase  i n  t h e  chemical reac t ions  whose products are conden- 
sed substances,  o r  c) t h e  conditions under which the  nucleus of a s o l i d  phase 
i s  formed are improved -- f o r  example, the degree of gas ion iza t ion  is  increased. 

The r eac t ions  may be g r e a t l y  i n t e n s i f i e d  during exc i t a t ion ,  d i s soc ia t ion ,  
o r  i o n i z a t i o n  of t h e  reac t ing  molecules. These processes have a threshold,  and 
r equ i r e  an a c t i v a t i o n  energy. Therefore, hard r ad ia t ion  may have a dec is ive  in- 
f luence  on the  coarse of the reac t ions ,  although they make a s m a l l  cont r ibu t ion  
t o  t h e  t o t a l  f l u x  of s o l a r  rad ia t ion .  

An inc rease  i n  t h e  amount of dus t  leads t o  i n t e n s i f i c a t i o n  of t h e  comet 
br ightness .  
s o l a r  a c t i v i t y .  It is known (Ref. 5) t ha t  t h i s  co r re l a t ion  has ac tua l ly  been 
observed. 
a l s o  be  explained by t h e  i n t e n s i f i c a t i o n  of dust  condensation due t o  the  reasons 
given above. 
a d d i t i o n a l  energybut ,  on the  contrary,  l eads  t o  i t s  l i b e r a t i o n .  
t h e  vapor chemical composition, and a change i n  the  condensation rate assoc ia ted  
wi th  i t ,  appear as a change i n  the  comet br ightness ,  even when the  t o t a l  amount 
of substance evaporated per  u n i t  time from a u n i t  of t he  nucleus su r face  does 
not change. 

Thus, w e  may expect a co r re l a t ion  between t h e  comet br ightness  and 

Sudden l a r g e  f l a r e s ,  r e l a t e d  t o  the formation of dus t  ha ios ,  may 

J u s t  l i k e  each condensation, the ha lo  formation does no t  r equ i r e  
A change i n  

The poss ib l e  formation of dust  p a r t i c l e s  as a r e s u l t  of gas condensation 
poses t h e  problem of the  comet nucleus s t r u c t u r e  i n  a new way. There is  no 

dus t  p a r t i c l e s  having a s p e c i f i c  size: We may assume t h a t  t h e  nucleus sub- 
s t ance  has much g r e a t e r  physical  uniformity, with a d ive r se  chemical composition. 

. necessity of assuming t h a t  i t  cons i s t s  of ice which has been ca re fu l ly  mixed with 

Physical Technical I n s t i t u t e  imenii 
A. F. I o f f e  
USSR Academy of Sciences 

REFERENCES 

1. L i l l e r ,  W. Astrophys. J., 132, 867, 1960. 

6 



~~ 

NASA TT F-11,329 

2. Biemann, L., Trefftz, E. Z. Astrophys., 50, 1, 1964. 
3. Htibner, W. Z. Astrophys., 63, 22, 1965. 
4. Rayzer, Yu.P. Zhurnal Eksperimental'noy i Teoreticheskoy Fiziki, 37, 1741, 

5. Nonstationary Processes in Comets and Solar Activity. 
1959. 

Trudy AN TadzSSR, Dushanbe, VIII, 1961. 
Dobrovol'skiy, 0. V. 

Scient; f i e  Trans  Zation Service 
4849 Tocahna Lane 
La Canada, California 91012 

. 

NASw 1496 

7 


